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(57) Abstract 

A combined nasopharyngeal airway and pulse oximeter sensor capable of monitoring the posterior pharynx, posterior soft palate or 
nasal mucosa is disclosed. The nasopharyngeal airway (10) includes a thickened wall section (12) over approximately one-third of its 
circumference. Pulse oximeter sensor elements (20, 22. 24, 26) may be embedded in the airway. The pulse oximeter sensor elements may 
include a light source (20). which preferably emits light at wavelengths around 660 nm (red) and around 940 nm (near infrared), and a light 
detector (22). The pulse oximeter sensor elements may be connected to a pulse oximeter monitor (spectrophotometer) or other extemal 
device for analysis. 
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wo 00/13576 PCT/US99/20234 

NASOPHARYNGEAL AIRWAY WITH REFLECTANCE 
PULSE OXIMETER SENSOR 



I. TECHNICAL FIELD 

The invention relates to the field of reflectance oximetry. More 
particularly, the invention is directed to a nasopharyngeal ainway with a 
reflectance pulse oximeter sensor. 

II. BACKGROUND ART 

With a few exceptions, tradition and technology have favored 
transillumination pulse oximetry in the operating theater. The principle of 
operation of the pulse oximeter is fairly simple but is arguably the most important 
development in anesthesia monitoring in the twentieth century. Two 
wavelengths of light (usually 660 nm and 940 nm) are used to 
spectrophotometrically determine the raftio of oxidized to reduced hemoglobin 
noninvasively as well as to determine the pulsatility of blood 
plethysmographically. Presently, the most common application of this in the 
operating theater is via transillumination through the capillary bed of a peripheral 
digit However, it is not unusual for multitrauma and thermally injured patients to 
either have severe peripheral vasoconstriction or to have severely damaged (or 
missing due to amputation) peripheral vascular beds. Reflectance oximetry 
rather than transillumination oximetry was the eariiest investigative fonm of the 
technique. Transillumination pulse oximetry, without question, is the most 
effective fomn when oximetry is obtained through skin. However, when skin is 
not interposed as a barrier to capillary bed access, reflectance pulse oximetry 
easily can be achieved with very accurate results. The effect is achieved by the 
backscattering of incident bispectral light that traverses and. on reflection from 
nonabsorptive collagenous tissues, retraverses fonned elements in the blood 
. back to the oximetric detector. Rather than superseding transillumination pulse 
oximetry, this technique broadens the scope of possible monitoring sites, adding 
to the clinician's armamentarium. 
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Conventional pulse oximetry in the severely burned patient can be a 
significant challenge, yet this monitoring data is vital in operating room and 
intensive care settings. Most current oximetric approaches depend upon 
available peripheral sites pennitting transillumination oximetry and indeed, this 
5 method is sufficient for most surgical conditions and procedures. Unfortunately, 
patients with severe burns often have few sites for the effective placement of the 
transilluminating pulse oximeter sensor. In addition, these patients often have 
severe circulatory compromise rendering the peripheral pulse oximeter less 
efficient, A variety of studies have shown that central pulse oximeters are more 
1 0 reliably and rapidly responsive than peripheral pulse oximeters. 

Reflectance oximetry can be a useful tool where a capillary bed is easily 
accessible. Indeed, it is used commonly and effectively among intrapartum and 
neonatal patients whose capillary beds are easily accessed through their skin. 
The technique has also been applied to adult and pediatric burn patients by 
15 placing the reflectance sensor in wounds or over hyperemic sites such as healed 
partial thickness burns. 

The nasal mucosa and the posterior pharynx contain rich capillary beds 
ideal for reflectance pulse oximetry. Known pulse oximeters are not suitable for 
use in the nares as they tend to block the nasal passage thus constricting the 
20 patient's breathing. In addition, they are prone to difficulties when their electrical 
components are exposed to liquid, moisture, bodily fluids, and/or surgical fluids. 
Since they rely on transillumination they also tend to be difficult to hold in place. 
Accordingly, a need exists for a more convenient device that combines a pulse 
oximeter sensor with a nasopharyngeal ainway. 

25 Nasopharyngeal ainways are used in the operating room to establish 

communication between the nares and the posterior pharynx. Nasopharyngeal 
ainways also are used to perfomn nasal suctioning. 

III. DISCLOSURE OF THE INVENTION 

The invention while addressing the problems of the prior art obtains 
30 advantages that were not achievable with the prior art devices. 
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An object of this invention is to provide an effective device for taking pulse 
oximetry measurements from nasal and posterior pharyngeal capillary beds. 

Another object of the invention is to eliminate the need for employing a 
separate nasopharyngeal airway when taking pulse oximetry measurements via 
5 the nasal cavity. 

Another object of the invention is the use of reflectance pulse oximetry via 
the nasal cavity for a variety of surgical, anesthetic, or critical care procedures 
performed on patients who are awake, sedated or undergoing general 
anesthesia. 

10 Another object of the invention is to provide a pulse oximeter in a sealed 

body that is fluid impemneable. 

An advantage of the invention is an improvement in the quality of care 
resulting from not needing to switch devices or use two separate devices in the 
nasal cavity. 

15 Another advantage of the invention is improved pulse oximetry readings 

regardless of the radial position of the device when it is placed in the nares. 

Given the following enabling description of the drawings, the apparatus 
should become evident to a person of ordinary skill in the art. 

IV. BRIEF DESCRIPTION OF THE DRAWINGS 

20 Figure 1 illustrates a side view of a preferred embodiment. 

Figure 2 illustrates a radial cross-section view of the embodiment shown 
in Figure 1. 

Figure 3 illustrates a rear view of the embodiment shown in Figure 1. 
Figure 4 illustrates a bottom view of the embodiment shown in Figure 1 . 
25 Figure 5 illustrates the embodiment shown in Figure 1 in use in a patient. 

3 
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V. BEST MODES FOR CARRYING OUT THE DESCRIBED 
EMBODIMENTS 

Figures 1-5 illustrate a preferred embodiment of the pulse oximeter sensor 
assembly according to the invention. The pulse oximeter sensor assembly 
5 includes a nasopharyngeal ainway 10 in combination with pulse oximeter 
elements 20, 22. 24, and 26. The pulse oximeter sensor elements 20, 22, and 
24 are preferably disposed within the wall of the nasopharyngeal ainvay. 
Preferably, the wall of the nasopharyngeal ainway is made of a clear polymer. 
Furthermore, it is preferable that the wall may include a thickened section 12 
10 around approximately one-third of the circumferential area to house the pulse 
oximeter sensor elements 20, 22, and 24. Altematively, the thickened section 
112 may be around just the elements themselves and not run the length of the 
wall. 

As depicted in Figure 1, the nasopharyngeal ainway 10 is preferably a 
15 hollow, elongated member defining a passageway, e.g., a cylindrical tubular 
member, having an insertion end 14 and a base end 16. The insertion end 14 is 
preferably angled. The base end 16 may be flat and disposed substantially 
perpendicular to the rest of the nasopharyngeal airway or angled. The base end 
16 may include a notch or other marking corresponding to the tip of the 
20 nasopharyngeal ainA^ay 10 to assist the user in further positioning the device in 
the patient after insertion of the device. 

The pulse oximeter sensor elements 20. 22, and 24 are preferably 
disposed in the thickened wall section 12 of the nasopharyngeal ainway 10. 
Alternatively, the pulse oximeter sensor elements 20. 22. and 24 may be 

25 disposed within the passageway of nasopharyngeal a\may 10. The pulse 
oximeter sensor elements include a light source 20, which preferably emits light 
with wavelengths of 660 nm (red) and 940 nm (near infrared), a light detector 22 
and wiring 24. These pulse oximeter sensor elements are preferably embedded 
and sealed in the wall of the nasopharyngeal ainway with a cover protecting 

30 them. Preferably, the cover is a clear, fluid impermeable plastic. 

The light source 20 may include more than one emitter. The light source 

may be one or more of the following: a pair of light emitters such as light emitting 

4 
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diodes (LEDs), a single light emitter, a bispectral emitter, a dual spectral emitter, 
a photoemitter, a photodiode, or a semiconductor die. However, any light source 
that facilitates reflectance pulse oximetry may be employed. When the light 
source 20 is one light emitter then the light emitter, for example, preferably would 
5 emit two frequencies of light at about 660 nm and about 940 nm. Typically, the 
two emitter arrangement will include a red LED near 660 nm and a near-infrared 
LED emitting in the range of 890nm to 950 nm. The light source 20 may emit 
light having a bandwidth in the range of 20 to 50 nm. 

A light detector 22 detects light emitted by light source 20. Electrical 
10 signals representing the detected light are transmitted by light detector 22 to a 
spectrophotometer or pulse oximeter that discriminates between the relative 
intensity of these emissions and provides an index as to the degree of oxygen 
saturation of hemoglobin in blood. The light detector 22 may be one of the 
following: a photoelectric receiver, a photodetector. a photodiode receiver, or a 
1 5 semiconductor die. 

The wiring 24 connects the pulse oximeter sensor elements to an external 
cord 26 that may also embedded in the thickened wall section 12 of the 
nasopharyngeal airway 10. The wiring 24 Includes conductive lines and contact 
electrodes. The light source 20 and the light detector 22 are each connected to 

20 their own contact electrode, respectively. The external cord 26 preferably is 
insulated and connects to the nasopharyngeal airway laat the base 16. The 
external cord 26 has a standard and universal plug design to interface with a 
pulse monitor, such as a plethysmograph or a pulse oximeter, or other external 
device. Although not shown, light source 20 and light detector 22 may comprise 

25 a wireless pulse oximeter sensor. Preferably, the pulse oximeter sensor 
elements are used for reflective oximetry as opposed to transillumination 
oximetry. 

In accordance with a preferred aspect of the invention, the pulse oximeter 
sensor elements 20 and 22 may be located near the angled end 14 to facilitate 
30 readings taken from the proximal posterior pharynx as shown in Figure 5. This 
arrangement provides for easy access and a reliable contact point. However, if 
the pulse oximeter sensor elements 20 and 22 are located near the base end 16, 
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then the readings will be taken from within the nasal cavity. The nasal cavity 
provides less reliable and accurate pulse oximetry readings than the posterior 
pharynx. 

In use, the nasopharyngeal ainway 10 preferably takes measurements 
5 from a central measurement site, namely the proximal posterior pharynx, 
posterior soft palate or nasal mucosa. The data collected from these locations 
has proven more reliable then data attainable from periphery locations. The 
increased reliability is believed to be due to the centrality of the measurement 
location and the stability of the measurement surfaces. The measurement 

10 indicates the oxygen saturation of hemoglobin. Furthemiore, the 
nasopharyngeal ainway of this invention is extremely useful in cases where it is 
difficult at best or not even possible to attach prior art pulse oximeter sensors 
with clips or straps to the patient. The nasopharyngeal ainway of this invention is 
useful with patients who are critically ill or injured patients including burn or 

1 5 trauma patients without alternative sites and maxillofacial injuries. 

The invention is particularly useful when the patient is awake but sedated. 
However, the invention may be used while the patient is fully awake, during 
induction of anesthesia, during general anesthesia, on emergence from 
anesthesia and during recovery. The invention is particularly useful in very wet 
20 environments as the oximetric components and wiring are sealed within the 
polymeric envelope of the nasopharyngeal ainA^ay. The invention is useful in field 
and emergency medical areas in that it can both establish an ainA^ay and provide 
pulse oximetry monitoring in a single device. 

The nasopharyngeal ainfl^ay will preferably be manufactured using 
25 polypropylene, polyvinyl chloride, silicones, epoxies, polyester, thermoplastics, 
rubber, similar flexible material, etc. The material should be sufficiently flexible 
that it freely bends in accordance with the contour of the nasal passageway. The 
thickened area is preferably formed from a clear or semi-translucent material to 
allow for the passage of light from the light source 20 and to the light detector 22. 

30 In keeping with the invention, the pulse oximeter elements may be 

attached to or disposed adjacent to an internal surface of the passageway. A 

disposable pulse oximeter like the Nellcor® Oxisensor® II N-25 or D-25 (Nellcor 
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Puritan Bennett®, Inc., Pleasanton, California) may be stripped of its 
surroundings to leave only the pulse oximeter elements. The pulse oximeter 
elements may then be feed into the nasopharyngeal ain/vay 10 along one side of 
the passageway. Even though the pulse oximeter elements and wiring may be 
5 present in the passageway, there is sufficient airflow capacity to supply adequate 
oxygen to the patient. 

The method of taking pulse oximeter readings from posterior pharyngeal 
area within a patient has been submitted to actual testing in the below-described 
population and according to the following protocol. 

10 The protocol involved comparing posterior pharyngeal reflectance pulse 

oximetry to conventional peripheral transillumination pulse oximetry in difficult to 
monitor burn patients. Eight patients' records were reviewed over fourteen 
consecutive surgical procedures, all consisting of excision and grafting. Patients 
ranged in age from 9 to 43 years and ranged from 14,5% to 77,5% total body 

15 surface area (%TBSA) burned (Mean = 30.4. SD [standard deviation] = 22.1). 
The number of operations per patient ranged from one to four. 

A Nellcor® Oxisensor® II pulse oximeter probe was placed in the distal 
lumen of an appropriately sized oropharyngeal ainway with sensor and emitter 
facing the posterior pharynx. A similar probe was placed on a peripheral digit as 
20 a transilluminating pulse oximeter. SpOz values were noted at five-minute 
intervals. Concordance statistics as well as a f-test for correlated means were 
calculated between the simultaneously obtained SpOz values. 

The mean differences between pharyngeal reflectance and peripheral 
digital transillumination SpOa values were insignificant for all cases. 
25 Concordance statistics were as follows: 0.75 (n = 1) and 1 .0 (n = 12). 

Given the near perfect concordance statistics in this study, this data 
suggests that posterior pharyngeal reflectance oximetry is a simple, highly 
accurate means of monitoring arterial oxygen saturation in the severely burned 
patient where oximetric monitoring presents a challenge. 
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VI. INDUSTRIAL APPLICABILITY 

The invention is particularly useful for monitoring the blood oxygen content 
of a subject. The invention may be used by hospital personnel, emergency 
medical crews, in-home medical personnel, laboratory and veterinary personnel 
5 and battle field medical personnel. 

Those skilled in the art will appreciate that various adaptations and 
modifications of the above-described preferred embodiments can be configured 
without departing from the scope and spirit of the invention. Therefore, it is to be 
understood that, within the scope of the appended claims, the invention may be 
10 practiced and constructed other than as specifically described herein. 
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IN THE CLAIMS: 

We claim 

1 . An oximetry measurement device comprising: 
a base iiaving a hole passing therethrough, 

an elongated member extending from said base, said elongated member 
having a passageway passing therethrough, the passageway being in 
5 communication with the hole of said base, and 

pulse oximeter sensor elements embedded in said elongated member. 

2. The device according to claim 1, wherein said elongated member is 
a cylindrical tube having a wall of non-unifomri thickness. 

3. The device according to claim 2, wherein the wall includes a first 
section and a second section, the second section being thicker than the first 
section and the pulse oximeter sensor elements being embedded in the second 
section. 

4. The device according to claim 1, wherein said pulse oximeter 
sensor elements include: 

a light source, and 

a light detector in communication with the light source. 

5. The device according to claim 4. wherein said light source includes 
one of at least one light emitter, a bispectral emitter, a dual spectral emitter, at 
least one photoemitter, at least one photodiode, at least one light emitting diode, 
and a semiconductor die. 

6. The device according to claim 4. wherein said at least one light 
detector includes one of a photoelectric receiver, a photodetector, a photodiode 
receiver, and a semiconductor die. 

7. The device according to claim 1, wherein said pulse oximeter 
sensor elements include: 

means for transmitting light, and 

means for receiving light transmitted by said means for transmitting light. 

9 
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8. A method for taking oximetry readings from a posterior pharyngeal 
region of a patient, said method comprising: 

coupling the device recited in claim 1 to a pulse oximeter, 

inserting the elongated member of the device recited in claim 1 through a 
nasal cavity of the patient, 

aligning the pulse oximeter sensor elements of the device according to 
claim 1 with the posterior pharyngeal region of the patient, and 

contacting the pulse oximeter sensor elements of the device according to 
claim 1 with the posterior pharyngeal region of the patient 

9. A device according to claim 1 , wherein said elongated member is 
made from flexible material including a portion capable of transmitting light. 

10. A method for taking oximetry readings from a nasal mucosa of a 
patient, said method comprising: 

coupling the device recited in claim 1 to a pulse oximeter, 

inserting the elongated member of the device recited in claim 1 through a 
nasal cavity of the patient. 

aligning the pulse oximeter sensor elements of the device according to 
claim 1 with the nasal mucosa of the patient, and 

contacting the pulse oximeter sensor elements of the device according to 
claim 1 with the nasal mucosa of the patient. 

11. A device comprising: 

a base having a hole passing therethrough, 

an elongated member extending from said base, said part having a 
passageway passing therethrough, wherein the passageway being in 
communication with the hole of said base, and 

pulse oximeter sensor elements disposed in the passageway. 

12. The device according to claim 11, wherein said elongated member 
is a cylindrical tube. 

10 
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13. The device according to claim 11. wherein the wall includes a first 
section and a second section, the second section being thicker than the first 
section and the pulse oximeter sensor elements being embedded in the second 
section. 

14. The device according to claim 11. wherein said pulse oximeter 
sensor elements include: 

a light source, and 

a light detector in communication with the light source. 

15. The device according to claim 14, wherein said light source 
includes one of at least one light emitter, a bispectral emitter, a dual spectral 
emitter, at least one photoemitter, at least one photodiode, at least one light 
emitting diode, and a semiconductor die. 

16. The apparatus according to claim 14. wherein said at least one light 
detector includes one of a photoelectric receiver, a photodetector, a photodiode 
receiver, and a semiconductor die. 

17. The device according to claim 11. wherein said pulse oximeter 
sensor elements include: 

means for transmitting light, and 

means for receiving light transmitted by said means for transmitting light. 

5 

18. A method for taking oximetry readings from a posterior pharyngeal 
region of a patient, said method comprising: 

coupling the device recited in claim 1 1 to a pulse oximeter, 

inserting the elongated member of the device recited in claim 11 through a 
5 nasal cavity of the patient. 

aligning the |xjlse oximeter sensor elements of the device according to 
claim 1 1 with the posterior pharyngeal region of the patient, and 

contacting the pulse oximeter sensor elements of the device according to 
claim 1 1 with the posterior pharyngeal region of the patient. 

11 
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19. A device according to claim 11, wherein said elongated member is 
made from flexible material including a portion capable of transmitting light, 

20. A method for taking oximetry readings from a nasal mucosa of a 
patient, said method comprising: 

coupling the device recited in claim 1 1 to a pulse oximeter. 

inserting the elongated member of the device recited in claim 11 through a 
5 nasal cavity of the patient, 

aligning the pulse oximeter sensor elements of the device according to 
claim 11 with the nasal mucosa of the patient and 

contacting the pulse oximeter sensor elements of the device according to 
claim 11 with the nasal mucosa of the patient. 



12 
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